Abstract: This paper develops a new self-repairing control system (SRCS) based on switching actuators. The method can automatically detect the actuator failure and switch from the faulty actuator to the healthy one. The switching logic (repairing policy) needs no a priori information about the plants. The advantage of the proposed design method is that one can construct the simple SRCS whose structure does not depend on the order of the plant. In this paper, it is also shown that the proposed method can be applied to stable plants with sensor failures.
INTRODUCTION
This paper presents a new self-repairing control system (SRCS) based on switching actuators. The proposed SRCS can detect an abrupt actuator failure and switch from the faulty actuator to the healthy one.
In many previous works, the fault tolerant controllers have exploited observers, multiple models and accurate mathematical models of the plants [1] , [2] , [3] . Unfortunately, because their structures depend on the orders of the plants, they tend to become extremely complex for plants with high orders. In addition, it is difficult to identify the structure of the practical plants with uncertainties.
By contrast, the proposed switching logic in the SRCS requires no a priori information about the plants. The repairing control (switching actuators) is carried out by the switching threshold which consists of only three signals; the plant output, the designed control input and the test signal. Thus, one can construct the simple SRCS, which does not depend on the order of the plant.
In this paper, we also show that the proposed SRCS can be applied to the stable systems with sensor failures.
Throughout this paper, R, R+, I Fig. 1 The proposed self-repairing control system. uc(t) C R is the designed control input. Unfortunately, one of the actuators fails in the following way: (2) Uf (t) = { uc(t) (t <~tF) where f e { 1, 2} is the index of the control input corresponding to the faulty actuator, and tF C R+ is the failure time. Suppose that both the index f and the failure time tF are unknown. Furthermore, dF (t) e RnP is an unknown bounded disturbance caused by the failure, which is represented as dF(t) = 0 (t > tF) ( 3)
The objective of this paper is to find the SRCS which can automatically specify the index f and switch from the faulty actuator to the healthy one.
The above problem seems to be simple, but it is the essential problem on fault tolerant control.
SELF-REPAIRING CONTROL
This section presents the proposed SRCS based on switching actuators as shown in Fig. 1 and 2 . Now, we introduce the following switching function (X(t) C {0, 1}, and utilize the actuators alternately.
U1 (t) = Or (t) U, (t), U2 (t) = (I1-(7r(t)) U, (t) (4) orJ(t) = I k2 t C [tk, tk+l) 
(0) = lo0(to) Fig. 2 The switching logic for repairing control.
where, for every k e I+ for which tk < oo, the switching time tk+1 e R+ is the maximum time t e R+ satisfying 0lt(t) < (< ) ( 0(t) l, + 1) (6) 0 (t) = [ep (t), Uc (t)]Tl (7) with -y, > 1. The error signal ep(t) e R is defined by ep (t) = r-yp (t) (8) where r C R is the reference signal. The designed control input u,(t) e R is given as follows. Finally, the signal vc(t) e R is generated by the LTI 
The above switching time T,, is equivalent to (1 1). 
sfJ (s+g2 ) i=l (17) where -y = max[-y, '721. According to [4] , for sufficiently large g C R+, the above controller Zc stabilizes the closed-loop systems for both systems Zp, and ZP2. The augmented controller Zc is observable. Furthermore, because the controller Zc has an integrator, the bias effect of the test signal T(t) can be removed by wellknown internal model principal.
FAULT DETECTION ALGORITHM
In this section, the key idea of the fault detection algorithm (the switching logic) in the SRCS is explained.
Whenever the faulty actuator is activated after the failure time, the SRCS becomes the open-loop system. Therefore, in order to detect the failure, the SRCS makes sure whether it becomes the open-loop system or not.
In the previous work [5] , the SRCS containing the unstable filter has been developed. Of course, the SRCS is designed to be stable when it becomes the closed-loop system. The signal in the SRCS grows up exponentially and hits the switching threshold (detect the failure) when the SRCS becomes the open-loop system. However, from the view point of practical use, introduction of the unstable filter is not suitable.
By contrast, the proposed method utilizes the integrator (9) and the test signal T(t) instead of using the unstable filter. Fig. 3 The open-loop system with the test signal T(t).
Proof: First of all, we divide the signal u(t) into two signals v(t) e R and T(t) e R as follows.
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MAIN RESULTS
The main results of this paper can be summarized by the following theorem. Theorem 1: The proposed SRCS constructed by (4)-(12) ceases to switch the actuators within a finite number of switches, and the healthy actuator is selected at the last switching time. Furthermore, all of the signals in the SRCS are bounded. Proof: The disturbance dF (t) and the test signal T(t) are bounded. Hence, from the observability of the plant Zp, we can obtain (26) where Cp C R+ is a positive constant [5] , [6] . Because the augmented controller 'c is also observable, we have Then, the signal v(t) can be represented by a fundamental system of solutions of the linear differential equation as, v(t) =Epit i eaii + E pjtlj eajt sin(wjt + ij) (19) where pi C R, i C R, ai C R, wi C R and yi C R are constants. On the other hand, for every i, we have Consequently, the SRCS stops switching the actuators within a finite number of switches, and the healthy actuator is selected at the last switching time.
T(t) = T(t) (t -T,) + T(T, ), t e [TK,, T+I1) (20)
In addition, all the signals in the SRCS are bounded, because the signal 0(t) is bounded.
Thus, we can conclude that Theorem 1 is true. If we can use the above switching threshold then actuator repairing is completed with at least one switching.
The switching threshold (6) has the estimated value (_)k of the constant '>, and so it needs a finite number of switches for estimation.
SENSOR REPAIRING PROBLEM
This section shows an application of the proposed SRCS to sensor repairing problem, which is also illustrated in Fig. 4 .
Here, we consider a stable plant with two sensors (no actuator failure). Instead of using the switching threshold (6) 
